














Analysis and applications of simple digital spiking neural networks 
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This paper considers the various connection system of Digital Spiking Neurons (DSN) and Digital 
Spiking Neural Network (DSNN) for spike-train approximation．First，we consider the DSN．Repeats 
integrate-and-fire between a base signal and threshold，DSN can generate various PST．Second，we 
present a delay connection．It is consisted of cross-firing connection and two DSNs，and generate a 
synchronization phenomenon．we consider uni-directional ring-type DSN and bi-directional ring-type 
DSN．These coupling systems are constructed by applying delayed connection to multiple DSNs，and 
can generate the multi-phase synchronization phenomenon ． We consider the synchronization 
phenomenon of two coupling systems and consider the application to the walking motion of a robot．
Third，we consider the DSNN．DSNN can output various PST that cannot be output by a single DSN．
In order to realize approximation of spike-trains，a DSN selection system is applied to the DSNN．We 
define the approximation error and consider the approximation accuracy．Finally，we implement FPGA 
and confirm typical synchronization phenomenon and spike train approximation. 

















































𝑥(𝜏 + 1) = 𝑥(𝜏) + 1
𝑦(𝜏) = 0
     if 𝑥(𝜏)  <  𝑁𝑥  (1) 
自己発火 {
𝑥(𝜏 + 1) = 𝑏(𝜏 )
𝑦(𝜏) = 1














状態変数を𝑥(𝜏) ∈ {0,1,⋯ ,𝑁𝑥}, 𝑁𝑥 ≤ 2𝑁𝑝 − 1とする.ベ
ース信号に次の条件を与える． 
 
𝜏 − 2𝑁𝑝+ 1 ≤ 𝑏(𝜏) − 𝑁𝑥 ≤ 2𝑁𝑝− 1          (3) 





𝑦(𝜏)  = {
1  for 𝜏 =  𝜏𝑛
0  for 𝜏 ≠  𝜏𝑛





𝜏𝑛 + 1 =  𝜏𝑛 −  𝑏(𝜏𝑛)  +  𝑁𝑥 +  1        (5) 
 
ここで，n番目のスパイク位相を𝜃𝑛 = 𝜏𝑛 mod 1とする．こ
れを用いると次式を得る： 





ここで，基本的な定義を行う．点p ∈ LNpが，p = Fk(p) 
かつF(p)からfk(p)が全て異なる場合，点pは周期kの周期点
とよぶ．Fk はFのk回写像を意味している．周期点の系列






図3 Dmap (4周期PST) 
 






𝑥1(𝜏 + 1) = 𝑥1(𝜏) + 1
𝑦1(𝜏) = 0
     if 𝑥1(𝜏)  <  𝑁𝑥  (7) 
     {
𝑥2(𝜏 + 1) = 𝑥2(𝜏) + 1
𝑦2(𝜏) = 0
     if 𝑥2(𝜏)  <  𝑁𝑥  (8) 
 
 自己発火 {
𝑥1(𝜏 + 1) = 𝑏(𝜏 )
𝑦1(𝜏) = 1
   if 𝑥1(𝜏) =  𝑁𝑥        (9) 
         {
𝑥1(𝜏 + 1) = 𝑏(𝜏 )
𝑦1(𝜏) = 1
   if 𝑥1(𝜏) =  𝑁𝑥       (10) 
 
誘導発火 {
𝑥2(𝜏 +  1)  =  𝑁𝑥 − 𝑁𝑝  +  1
if 𝑥1(𝜏)  =  𝑁𝑥 and 𝑥2(𝜏 )  ≤  𝑁𝑥 − 𝑁𝑝












1 Np 2Np 3Np 4Np
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𝑦(𝜏) = ∑ 𝑤𝑖𝑗𝑦𝑖(𝜏)
6
𝑖=1 for 𝜏 ∈ 𝐼𝑗                 (12) 
𝑗 ∈ {1,⋯ ,6}, 𝑦(𝜏 +  𝑇)  =  𝑦(𝜏 ) 
 
ここで，𝑤𝑖𝑗 = 1の場合，i番目のスイッチ𝑆𝑖がオンと 




𝐼1 = [0,𝑁𝑝),  𝐼2 = [𝑁𝑝, 2𝑁𝑝),⋯ ,  𝐼6 = [5𝑁𝑝, 6𝑁𝑝) 
 
𝑤𝑖𝑗はそれぞれのサブインターバルで一定である．もし，






















































)     (14) 
 
 











1   for 𝜏 = 𝜏𝑘
0   otherwise
                      (13) 
𝑘 ∈ {1,⋯ , 𝑄}, 0 < 𝜏1 < ⋯ < 𝜏𝑄 < 𝑇 





















′, ⋯ , 𝜏𝑄
′), 0 < 𝜏1
′ < ⋯ < 𝜏𝑄




















図13 6周期スパイク列 (a)Dmap1 (b)Dmap2 
 
教師信号を変化させ，10回平均をとり，スパイク位置





∑ |𝜏𝑘 − (𝜏𝑘
′ − ∆)|, ∆= 𝜏1
′ − 𝜏1
𝑄
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#DSN AVG𝜀𝑝 SD𝜀𝑝 
6 
5 
4 
3 
0.91 
1.10 
1.50 
2.41 
0.22 
0.30 
0.48 
0.68 
